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Introduction

Since its development in the early 1950s, high density polyethylene  HDPE! pipe has gained wide
acceptance as the material of choice in many applications. A combination of physical and chemical properties
make HDPE pipe resistant to corrosion, abrasion, deformation, and water hammer effects. It is also lightweight
and flexible and has excellent flow characteristics.

One area in which HDPE pipe use is increasing is slurry discharge lines. Laboratory tests and actual field
use have shown that HOPE pipe wiII outlast steel pipe for slurry transport under certain conditions. At the U.S.
Army Engineer Waterways Experiment Station  WES!, Vicksburg, Miss�a dredging test loop was constructed
in the Hydraulics Laboratory. Two conditions of slurry velocity and concentrations  homogeneous and
heterogeneous! were tun with steel and HDPE pipe and elbows. The test results confirmed industry claims
that depending on slurry flow and concentration, HD PE pipe is three to five times more abrasion-resistant than
conventional mild steel,

Although the test results were encouraging, field data were needed to determine the effectiveness of HDP E
pipe in a full-scale dredging operation. With the cooperation of the Operations Division, U.S. Army Engineer
District, Portland, and the Port of Portland, two 20-foot-long sections of 30-inch-inside diameter  ID! HOPE
pipe were installed in the land discharge line of the dredge OREGON, The pipe was installed on August 20,
1985, and waS in uSe until February 26, 1986, Wall thiCkneSS meaSurementS were taken tO rneaSure wear by
the amount of wall thinning. After the pipe handled over 2.6 million cubic yards of dredged Columbia River
material, wall thickness measurements taken at various points along the pipe length showed wear from 1.1
percent to 29.9 percent of the original thickness, Wear patterns were more closely associated with the material
type, i.e., coarse sands and gravel, than with the amount of material dredged,

This paper discusses some of the properties of HDPE pipe that make it especially applicable to dredging
situations, the results of the Portland HOPE pipe field test, and some comments and views on HDPE pipe by
dredge operators who use the product. The information in the following two sections, "High Density
Polyethylene Pipe" and "Dredging Applications," was extracted from the manufacturers' literature listed in the
bibliography.

Property
1. Density, g/ccm  base resin!
2. Melt Index

Cell Classification

0,941 � 0.955  cell 3!
Flow rate, 4.0 g/10 min. by condition F. Method
D 1238,  cell 5!
120,000 to 160,000  ceil 5!
3000 - 3500  cell 4!

3. Flexural Modulus, psi
4, Tensile Strength @ Yield, psi

High Density Polyethylene Pipe
High density polyethylene plastic is made from an extremely tough and durable resin with a very high

molecular weight. These polyethylenes are formed by the polymerization of a group of straight chain,
unsaturated hydrocarbons  ethylenes! into long-chain molecules. In the late 1970s an ultra-high molecular
weight high density polyethylene product was developed. Careful programming of the polymerization reaction
can control the density and molecular weight to obtain HDPE pipe compounds with desired characteristics.
American Society for Testing and Materials  ASTM! Standard O 1248, "Polyethylene Plastic Molding and
Extrusion Materials," although revised several times to meet the needs of industry, was not adequate for all
HDPE materials. As a result, ASTM D 3350, "Polyethylene Plastic Pipe and Fittings Materials," was written
especially for very high molecular weight materials. This new system uses cell classification rather than a
material code to designate the polyethylene properly. Using the cell classification system of ASTM O 3350,
a material classified as PE355434C  available as Driscopipe 8600!, has the following properties  the code
"PE" indicates polyethylene:



5. Environmental Stress Crack Resistance

6, Hydrostatic Design Basis
9 23 C �3.4'F!, psi

7. Color and Ultraviolet Stabilizer Code C  Black with 2 percent minimum carbon black!
Other manufacturers have comparable products with ASTM D3350 classifications. Nipak "Custom HD"

PE3408 has a cell classification of PE345534C, while the Plexco product PE3408is classified as PE345434C.

Test Condition C, 100'C, 192 hr  cell 3!
1600  cell 4!

Field Test Preparations
The purpose of this field test was to determine the feasibility of using large-diameter HDPE pipe in a dredging

application. Smaller diameter HDPE pipe, up to about 12 inches in diameter, has been successfully used in
dredging for several years, and its use is becoming more widespread. Preliminary conversations with HDPE
manufacturers' engineers indicated that the proposed use of large-diameter HDPE pipe in the discharge line
of a dredge was a valid one. For ease and economy of shipping and handling, two 20-foot sections of 30-inch
ID �2-inch nominal size outside diameter  OD!!, Standard Dimension Ratio  SDR! 32.5, Driscopipe 8600 with
stub ends and steel back-up rings on each end were purchased, These were factory fabricated and delivered
to the Portland site in early May 1985.

Instailatlon

The HDPE pipe sections were installed in the discharge line of the Port of Portland dredge OREGON. The
OREGON is a cutter-suction type, non-propelled, 30-inch hydraulic pipeline dredge, with steel hul! and
superstructure. It was built in1965by Bauer Dredging Company, andrebuilt in1979by Northwest Marine Iron
Works, Inc. The OREGON performs dredging in the I ower Columbia and Lower Wilfamette rivers and is
capable of handling 2,000 to 3,000 cubic yards of dredged material per hour.

Unusually low sediment deposition delayed the dredging effort by several months. Dredging was finally

Dredging Appficatlons
Certain properties of HDPE pipe make it applicable to dredging situations, Use of this pipe can provide cost

savings in installation labor and equipment, maintenance, freedom of design, and extended life of pipeline
systems. HD PE pipe has a high potential for application in the marine environment because it will not rot, rust,
or corrode; conduct electricity; nor support growth of or be affected by algae, bacteria, or fungi; and is resistant
to marine biological attachment. Its specific gravity of 0.955-0.957 makes HDPE 70 to 90 percent lighter than
concrete, cast iron, or steel pipe, requiring greatly reduced manpower and equipment for transportation and
installation. The extremely smooth inside surface and non-wetting characteristic of HDPE result in higher flow
capacity and reduced friction loss. For example, a pipe coefficient or "C" factor of 155 is used in the Hazen-
Williams formula for fluid flow calculations for HDPE pipe sections. The "C" factor for new steel is 140 and for
old steel, 125. Since the "C" factor value is inversely proportional to head loss due to friction, a high "C" value
is desirable. Although HDPE pipe can be joined by flanges or compression couplings, the heat fusion
technique-butt fusion-is recommended. This process produces a joint of high integrity and reliability that is
as strong as the pipe in both tension and hydrostatic loading. HD PE pipe cannot be joined by solvent cernents
or adhesives.

Another HDPE property that makes it suited to dredging applications is its abrasion resistance, Controlled
laboratory tests have shown that HOPE pipe outperforms steel pipe by a ratio of 4 to 1, It can be stored outside
for years without danger of damage by ultraviolet exposure because of the carbon black content of the
material. The flexible nature of HDPE enables it to absorb impact loads, surge pressures, vibrations and
stresses, It can be cold bent in the field to a minimum radius of 20 to 40 times the pipe diameter, and can easily
conform to uneven ground contours.

All thermoplastic piping materials are affected by changes in temperature. Normal temperature changes do
not cause degradation but may affect the physical and chemical properties of the material. It is the general
industry practice to characterize HOPE rnatenal at ambient temperature, 73.4 F �3'C!. As temperature
increases, long-term strength decreases and vice versa. For example, at 73'F �3'C! HOPE Iong-term
strength is 1,600 pounds per square inch  psi!; at 120'F �9'C! it is 1,000 psi; and at 50 F �0'C! it is 1,824
psi. The material will soften at 260 F �27 C! and become molten at 475'F �46'C!. Although the
temperatures of dredging slurries are usually not extreme, the air temperature and the amount of radiant
sunlight heat might be a consideration in some environments.



startedin August1985, and the HDPE pipe sections were marked, measured andinstalled. The method used
to determine ppe wear was to measure wall thickness at discrete locations along and around the pipe with
a lightweight, portable ultrasonic thickness gauge. The outside of the pipe sections was coded and marked
every 2 feet along the length and at eight equally spaced locations around the circumference, for a total of 160
locations on the two pipe sections at which wall thickness measurements were taken  Figure 1!,

The outer two ends of the HDPE pipe were fitted with quick-connect couplings. Steel flanged sections, about
3 feet long, were fabricated and bolted at one flanged end of each HDPE section. One of the fabricated steel
sections was slightly tapered so it could fit inside the adjoining straight section of steel pipe for rapid pipeline
deployment Figure 2!, The Port of Portlanduses the quick-connect method on all land discharge pipe. Initially,
the inner flanges of the HDPE pipe were bolted together. However, it was time-consuming to align the HDPE
to HDPE flanges properly, and, in time, these ends were also fitted with the quick-connect fittings.

Prior to testing, wall thickness measurements were taken to establish a baseline for wear rates. All external
scrapes and gouges were noted and photographed, and a thorough inspection of the interior surface was
made. It was recommended that the HDPE sections be given no special treatment beyond that necessary to
utilize the pipe, but that care be taken, when using heavy equipment, not to severely gouge or damage the
pipe, The placement of the HDPE sections in the discharge line was such that they were always on the land,
rather than in the floating pipeline sections, They were also placed at a distance from the dredge pump so the
pipeline pressure at the HOPE sections would be less than the rated 50 psi,

APAR T AROUND CIRCUMFERENCE.

Figure f. Wall thickness measurement numbering scheme,

Measurements

When the HDPE pipe sections were in the discharge line, wall thickness measurements were taken when
the dredge was not operating to avoid any meter reading irregularitie that might be caused by the moving
slurry. In addition to waII thickness, information was recorded on  a! the row number appearing on the top of
the pipe;  b! the distance of the HDPE sections from the pump;  c! pumping pressure;  d! slurry velocity,
concentration, and type  i.e. sand, gravel!; and  e! dates and time the test sections were on-line.

Throughout the dredging season the HPDE sections were always next to each other, and aligned so the
number that appeared on top in Section 1 also appeared on top in Section 2. Flow was always in the same
direction and entered the HDPE sections through Section 1. All wall thickness measurements were taken by
the same person, and the number on top was recorded to document the rotation of the pipe,

Average slurry concentration during the test 15 percent, and the material ranged from fine sands to 2-in-
diameter smooth river rock, with the majority being coarse sand. Slurry velocity averaged 18 feet per second
 fps! with a range from 13 to 25 fps. Eleven sets of wall thickness readings were taken during the August 1985
to February 1986 dredging period. The HPDE sections were on-line for 126 days as listed in Table 1,



a. Tapered end

b. Straight section
Figure 2. Quick-couplings bolted onto outer ends of HDPE sections



Table 1. HDPE Pipe Data - Days On-Line and Amount Dredged

Bottom Amount Dredged
No. Cu. Yards

Pipe
Out

Days
On-Line

Data

Taken

Pipe
On-Line

8/20 BASE

8/26, 9/1
10/2

10/30

11/10, 16, 23
12/7

138,266
289,878

2,659,741

13

9.
126

1/21

1/28

2/25

1/8

3/4 Final

The assumption was made that pipe wear would be greatest on the bottom, Table 2 lists the amount of
material that was dredged when each of the eight locations was located on the bottom.

New HDPE pipe of this size has a manufacturer's guaranteed wall thickness of 0.969 inch. The baseline
data revealed that all readings were greater than 0,969 inch and averaged 1.018 inch. The accuracy of the
wall thickness gage is+0.005 inch.

Table 2. Location on Bottom of HDPE Pipe and Amount Dredge

Cubic Yards Dredged Percent of TotalBottom Number

Total

Results

The almost 1,760 wall thickness values were examined closely for trends in pipe wear. Flanged pipe may
experience greater wear due to the turbulence created by the flange at a distance equal to 4 to 10 pipe
diameters from the flange. However, wall thinning along the length of the pipes was examined, and wear was
relatively uniform along the length of the sections. With no measurable flange-induced wear, the 10 wall
thickness readings taken along the length of each HDPE section were averaged to obtain an average wall
thickness value for each of the eight circumferential locations for each of the 11 sets of data. Table 3 lists the
wall thickness measurements at the beginning and at the end of the test for each HDPE section and each
location around the pipe. Figure 3 is a plot of the average of the Table 3 data, and shows the location and extent
of wear.

A plot of wall thickness versus time for Location 1  Figure 4! shows that wall thickness was not less than

1985

8/20

8/26

9/25

10/25

11/4

11/8

12/10

12/17

1986

1/9

1/22

2/18

Total

8/22

9/17

10/17

10/30

11/8

12/6

12/16

12/19

136,534
181,025
387,722
436,612
115,783
399,316
686,758

1
2,659,741

3

23

23

6

5

28

7

3

5.13

6.81

14.58

16.42

4.35

15.01

25,82

11JK
100.00

396,880
399,316
436,612
115,783

57,285
330,437
181,025
136,534



Table 3. HDPE Pipe Wall Thickness Loss

Wear Percent

of Original
Thickness

Average Thickness
End of Test Difference

Inches Inches

Average Thickness
Start of Test

inches

Location

on Pipe

Section 1

0 1
2

3 4 5 6 7
Section 2

0 1
2

3 4 5 6 7

0.993

0.979

0.991

1.013

1.034

1.057

1.058

1.028

19.4

9.1

12.0

8.1

3.8

2.0

8.4

30.2

0,193

0.089
0.'t19

0.082

0.039

0,021

0.089

0.310

0.800

0.890

0,872

0.931

0.995

1.036

0,969

0.718

0.121

0.095

0.095

0.074

0.037

0.002

0.059

0.289

11.9

9.0

9,0

7.1

3.6

0.2

6,0

29.5

0.897

0.955

0.961

0.967

0.981

0.993

0.924

0,692

1.018

1.050

1.056

1.041

1,018

0.995

0.983

0.981

Before conclusions could be drawn, it was necessary to verify the data and the accuracy of the wall-
thickness gage. A second set of final readings was taken on April 22, 1986. These two sets of data were
comparable and verified the highest percent of wear in Location 7. The calibration of the wall thickness meter
was also checked and found to be correct.

During the course of the dredging season, the interior of the pipe was visually inspected by WES Hydraulics
Laboratory personnel on three occasions, September 10 and October 19, 1985, and April 21, 1986. In
September and October, the interior was smooth and unmarred with the finish going from highly glossy to a
smooth satin. By April, the interior was marred with small, smooth nicks. The marring was uniform along the
length of the pipe, but varied in intensity around the interior of the pipe, being most severe along Location 7
and least noticeable at Location 2. The butt weld bead  a result of the fused joint! was still intact in some
locations but completely worn away in others  Figure 6!, Also noticed on the final inspection was the
appearance of small, smooth, circumferential ridges around the inside of the pipe about every 2 inches along
the length of the pipe  Figure 7!. This "washboard" effect has been observed in polyethylene pipe, but no
definite cause could be Identlfiedby the manufacturer's engineer. It was suggested that this might be a function
of material creep and the fact that flow was always in the same direction.

the manufacturer's guaranteed thickness of 0.969 inch until the December 7, 1985, reading. However, over
65 percent of the material handled during the test �.7 million cubic yards! had been pumpedby that time. From
Table 3 and Figure 3, it is obvious that wear around the pipe was not uniform. Also, for all locations, wear was
greater in Section 1. Slurry flow entered the HDPE pipes through Section 1 and then flowed into Section 2.
It is possible that the uniform, smooth interior of HDPE Section 1 reduced turbulence enough to cause less
wear in HP DE Section 2. Locations of greatest wear �,0! and least wear �,5! are the same in both sections.
In both sections more wear occurred in the adjacent locations of 7,0,1 and 2. However, as seen in Table 2,
only 38.4 percent of the total flow passed through the HD P E sections when these locations were on the bottom.
This relationship is illustrated by Figure 5, which is a plot of the percent of the dredged material that passed
through the pipe when each of the locations was on the bottom, and the percent of wear for each location. If
the amount of material was the major cause of wear, then the location of greatest wear would be the location
that passed the greatest amount of material. This is not what the data show.
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Figure 5. Percent of pipe wear compared with the percent of dredged material pumped



a. New pipe with smoothinterior and perfect butt weld bead

b. After 2.6 million cu yds of dredging, interior is marred and butt weld bead is worn away in some locations.
Figure 6. Condition of pipe before and after dredging



Figure 7. "Washboard" appearance inside HOPE section at end of test

Since wear was uniform along the length of the pipe sections, but was neither uniform through time nor
around the interior of the pipe, the records of the type and character of material being dredged were examined.
It was recorded that during the time frame of January15-20, when Location 7 was on the bottom,2-inch smooth
river rock and pea gravel made up about 10 percent of the slurry being dredged. The velocity necessary to
transport this heavier material was between 20 and 26 fps. The increased velocity along with the larger sized
material would be expected to cause increased wear in any type of dredge pipe, and the greater wear at
Location 7 was attributed to this.

Test Conclusion

The purpose of this test was to determine how HDPE pipe performs in an abrasive field setting. The sands
of the Columbia River and the velocities necessary to transport them can cause excessive wear on dredge
pipe and equipment. lt was not the intent of this test to evaluate different grades of polyethylene pipe or
different manufacturers' products. Nor was it possible to compare new HDPE pipe to new steel pipe because
new steel pipe was not available in the pipeline at the time.

The information obtained during the dredging season was sufficient to indicate the usefulness of large-
diameter I-lDPE pipe in dredging. Wear, in this case, was more dependent upon dredged material type than
upon time or volume of slurry pumped. The pipe was easily rotated since the pipeline was moved and deployed
many times during the dredging season. Although long lines of butt-welded HDPE pipe are the most efficient
application, the dredge operator was able to use the quick-connect joints and easily incorporate the HDPE
pipe into the existing discharge line.

The sections of HOPE pipe will be used and monitored for as many dredging seasons as possible before
failure, The type and cause of failure will be documented, and using information of the history of the
performance of steel discharge line, an attempt will be made to estimate cost differences between steel and
HDPE pipe usage.

HDPE Users' Views

Dredge operators have used HDPE pipe for many years. Most are very pleased with the material and, when
either steel or HDPE pipe can be used, prefer HDPE to steel for a variety of reasons. An informal survey of
some HDPE pipe users was conducted to gain, from their experiences, the helpful hints and cautions of HDPE
pipe use, in general, these operators have beenusing HDPE pipe for 3-6 years and are still using most of the
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originai pipe they purchased. Their dredging jobs are relatively small  $0.5 to $1 million! and consist of
maintenance dredging of mud and fine sands. The dredge sizes ranged from 12 to 18 inches in diameter. Every
respondent agreed that in the proper application, their HDPE pipe outlasted steel, for some by as much as
five times. Some found that HDPE was slightly less expensive than steel, and its ease of handling made
mobilization and demobilization faster and less expensive than steel, and its ease of handling made
mobilization and demobilization faster and less expensive, Some felt that contracts have been won because
of these reduced costs. All agreed that the lightweight fusible nature of HDPE pipe is an economic blessing.
Working lengths of 500 to 1,500 feet of butt-fusion-joined HDPE are easily floated to the project site. As the
pipe is filled with slurry, it sinks to the bottom and conforms to the contours of the terrain. Ease of repair was
also cited as a favorable feature. Damaged sections of pipe can be removed with a chainsaw and repaired
with a circle clamp or a butt-fusion joint. The need for elbows is reduced by the flexible property of the material
which not only allows the pipe to conform to the terrain but allows bends of 20 to 40 pipe diameters, Fewer
elbows and fused joints provide improved hydraulic efficiency which requires less pumping power.

Many dredging practices, such as pipe rotation, are common to all situations; however, some practices are
specific for HDPE pipe. None of the users employ HDPE pipe in the suction line of the dredge, and ail use steel
immediately following thedredge pump. The rigidnature of steel andits higherworking pressure are important
in these locations, and this practice is based on intuition, tradition, and experience. The length of steel used
before switching to HDPE varied from as little as 40 feet to as much as 4,000 feet. Again this is based on
individual preference.

Depending on the job, it may be cost effective to rent rather than buy the butt fusion equipment, Pipe sections
can also be joined using circle clamps, which should be 1.5 pipe diameters wide to distribute pressure and
not deform the HDPE pipe.

The material is rugged, and nicks and gouges on the outside have not necessarily resulted in pipe failure;
however, there is a need to teach field personnel to be careful when handling HDPE pipe with heavy
equipment. As was seen during the field test reported in this paper, it is helpful to know the type of material
that is to be dredged. Sharp material such as oyster shells canbe dredged for a limitedtime; however, dredging
of this material for more than 24 hours frequently results in tears and leaks. Coral and sharp volcanic sands
are not suited to HOPE pipe.

The light weight of the pipe can create problems when anchoring submerged HDPE pipe in water deeper
than about 15 feet or with currents greater than about 4 knots, If the slurry can be maintained at 30 percent
solids, the pipe may remain safely submerged. Although HDPE pipe manuals explain proper anchoring
procedures, several operators choose to use steel in these situations.

Conversations with one HDPE pipe manufacturer's engineer revealed that overpressuring a pipe is
acceptable in some instances, but the wear life will be significantly reduced. Manufacturer's tests of pipe under
given pressure and slurry velocity conditions produce a predicted wear life of 50 years. Changing the pressure
and/or slurry velocity will correspondingly change this value. There are valid applicatons of HDPE pipe where
wear life of the pipe will be reduced but will still be sufficient and economical for the project requirements,
Properly sized pipe for the working pressures and velocities is always preferred. Overpressuring HDPE pipe
does not change the material density; the shorter life span is a function of the long-term creep property of the
material. This long-term creep  relaxation! results in a slow thinning of the pipe wall, which lowers the pipe
pressure rating. HDPE material has the ability to "recover" from overpressuring if certain limits are not
exceeded. A manufacturer's engineer is always available to provide guidance in this area, and answer any
questions concerning the use of his product. In general, if quality pipe is purchased, and the manufacturer's
suggestions and recommendations for use are followed, the project should proceed without HDPE problems.

No product or procedure is without some failures, and the use of HDPE pipe in dredging is no exception.
Most failures can be evaluated and the results added to the pool of HOPE pipe information. One maintenance
dredging project reported very disappointing results almost immediately after Installing HDPE pipe, The
recommended high-pressure pipe was not purchased, and 12-inch nominal, size low pressure �0-psi!, 40-
foot-long sections flanged on both ends were used. The material dredged consisted of angular 1/4- to 1/2-inch
diameter sand, and gravel with some 6-inch-diameter rocks. A working pressure of 60 psi was maintained with
a pumping velocity of 15 fps and a 12-percent solids concentration. The first failure was located 2 to 3 feet from
the flanged end of a pipe section and occurred within 3 days. At first, the dredger was surprised at the
smoothness of the slurry flow; but within 24 hours he was aware of a dramatic increase of pipe resistance.
When the pipe failed, the interior walls were examined and found to be badly tom with shreds of material



loosened from the pipe wall. It was the practice of this dredge operator to rotate the dredge pipe 1/4 turn every
2 day5.

A combination of factors resulted in this poor performance, which couldbe attributed to misapplication rather
than to poor quality material. Slight overpressure, sharp dredged material, and many flanges would not have
damaged a steel pipeline. In this application, the additional turbulence induced by the flanges and the
sharpness of the material quickly eroded the pipe. Fused connections are recommended in HDPE pipe to
reduce slurry turbulence and pipe wear. There was also evidence of poor pipe alignment which accentuated
the effects of the turbulence.

This operator agreed that perhaps higher pressure rated pipe would have lasted longer. He also agreed that
HDPE is not well suited to dredged material that includes gravel and rocks. He did remark that the HDPE pipe
was considerably easier to handle and install and conformed easily to the uneven terrain. He does not plan
to use HOPE in similar dredging situations but would consider using it if the dredged material was finer.

Another dredge operator felt he had received poor quality pipe or butt fusion equipment when his HD PE pipe
experienced failure at the stubb end fusion joint. The operator was not discouraged by this experience; he is
more careful in his selection of pipe manufacturer and continues to use HDPE pipe,

Within the dredging community, certain pipe companies have the reputation of producing a quality product
while others have earned the distinction of producing a product which does not perform well.A. manufacturer's
reputation and guarantee policy should be considered when purchasing HDPE pipe,

Summary
As the dredging industry expands, accompanied by higher operating costs and increased distances to

disposal sites, new technology and materials are being introduced. HDPE pipe canbe an efficient alternative
or supplement to steel discharge lines, The physical and mechanical properties of HDPE are sufficiently
different from steel that it must not be treated as a rigid pipe. Its flexible, lightweight, abrasion-resistant nature
offers the dredge operator new freedom in pipeline design, life, cost, and maintenance.

The previous discussion has identified many of the HDPE characteristics that make it weII suited to dredging
situations. Manufacturer's recommendations should always be followed concerning the pipe specifications for
a specific project. Other practices, proven by experience, should be seriously considered such as the
elimination of flanges by using the butt weld joint, rotation of pipe to distribute wear patterns, and the avoidance
of extensive dredging of sharp, angular material or large rocks. However, the use of HDPE pipe gives the
dredge operator certain "liberties" that can be employed such as slight temporary overpressuring, that will, in
the long term, prove economical in cost and time for the project.

The Portland HDPE field test proved that large-diameter HDPE pipe can be successfully and easily
incorporated into an existing dredge discharge pipeline, After the pipe passed over 2.6 million cubic yards of
coarse Columbia River sand, it was determined that wear was more related to the type of material than the
amount of material dredged.
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integrated Dredging and Processing of
Alluvial Mineral Deposits

Maria C. Rockwell

Technical University of Nova Scotia

Abstract

Alluvial deposits, commonly termed "placers," are a naturally liberated resource of precious metals,
gemstones and so-called black sands containing heavy minerals such as magnetite, ilmenite, chromite,
zircon, monazite and rutile. The inland deposits have long been the target of mining and dredging operations.
However, with the steady depletion of potentially economic resources, more efforts are now being applied
toward exploration and exploitation techniques in a marine environment above  beach deposits! or just below
 offshore deposits! the current sea level.

This paper reviews the generic deposition and characteristic properties of alluvial mineral deposits. It
highlights their recovery techniques, recent technological developments and integrated mineral dredging and
processing practices in a marine environment. Also presented is an insight into the development potential of
Nova Scotia offshore gold deposits.

Characterization of Alluvial Minerals
The alluvial minerals are the product of a complex weathering and erosion process of the outcropping rocks.

The naturally liberated mineral-rich sediment may accumulate near the source rock or enter into a dynamic
system of redistribution, gravity sorting and deposition in environmentally favorable settings. Concentrations
of alluvial minerais are found in various amounts along the river valleys, beaches, dunes, in estuary basins
and in offshore drowned systems covered with sediments, as well as deposited in bedrock crevices, pits and
fractures. The concentrated layers of heavy minerals may have thicknesses of several miilimeters to several
meters depending on the deposition volume and its composition. Since the alluvial mineral deposits vary in
degree of isolation, size, age and composition, separate studies are required to assess the economic value
and the future development potential of each deposit  Oduntan, 1984; Hale and McLaren, 1984; Chaziteo-
dorou, 1977!.

Fromthe commercial interest value, the alluvial deposits are classified into two groups: �! relatively large
volume and low unit value commodities, e,g, sands and gravels, and �! low grade, high value commodities,
e.g. noble metals, precious stones and so-called black sands with magnetite, ilmenite, rutile, zircon, monazite,
chromite, cassiterite, etc, In the former group all or most of the volume mined is utilized, whereas in the latter
group only a small fraction containing the valuable minerals is utilized. This latter group, or the placer minerals,
is considered in this paper.

The economic importance of the placer minerals is exemplified in their many uses and applications  Table
1! for which there are limited or no substitutes. The value of zircon, rutile and scheelite have increased more
than 1.5 times, and gold and platinum more than 6 times, between 1958 and 1980  Gomes and Martinez,
1981!, The particle size of the placer minerals ranges from a few microns up to coarse nuggets and crystals
 Macdonald, 1983!. The main characteiistic properties of some placer minerals is shown in Table 2. The
differences in particle size, shape, specific gravity, magnetic and electric properties, surface wetability and
other physical properties are employed in mineral processing techniques to separate the valuable minerals
from each other and from the gangue minerals.

Dredge Mining and Developments
The exploitation of placer deposits has long attracted the interest of mining and dredging operators. When

the supply of water is sufficient, dredge mining proved to be more efficient than other mining systems
 Woodsend, 1984; IHC, 1983!. Table 3 presents a comparison between dredge mining and other placer
mining systems.

After an anuvial deposit has been explored and an economic appraisal has been made, the selection of a
dredge mining system depends on the analysis of several factors, such as: �! the geological and
topographical characteristics of the deposit, �! the digging conditions and restraints of the marine environ-
ment, �! the technological limitation of the dredging system,



Table 1. Main Applications of Some Placer Minerals

ApplicationsMetalMineral

Aerospace industry, high strength and corrosion
resistence, oxide form used in pigments

High temperature applications, catalyst, jewelry,

dental alloy

Refractories, ceramics, abrasives, chemicals

increases hardness and toughness of steel,
electroplating, refractory pigments, chemicals

Plating, bearing metals, bronze, solders

Jewelry, currency, electronics, dentistry, plating

Radioactive metal

Titaniumllmenite

Platinum Group

Zirconium

Chromium

Zircon

Chromite

Cassiterite

Gold

Monazite

Ttn

Gold

Thorium

Table 2. Characteristic Properties of Valuable Placer Minerals

Mineral

Vaiuable

Relative

 Mhos!
Magnetic Electric
Property

Percent

Density
Hardness

Property

63.9 W

72.4 Fe

'compiled from Weiss �985!
M-Magnetic; WM-Weakly Magnetic; NM-Non Magnetic; C-Conductor; NC-Non Conductor

Table 3. Parameters of Different Mining/Processing Systems'

Mineral

System Excavation Transport Treatment
m Water

m' Ore m' Ore

m' Ore

man hour

monitor

monitor

shovel

shovel

dredge mining

hydr. lift
gravel pump
belt. conv.

dump truck
integrated

sluice box

conv. jig plant
do.

do.

IHC jig plant

30

14

8 8 6
15

13

8 8 2
1

1,3
1,2
1,1
20

IHC Holland �983!

The volume and grade of the deposit deteynines the production capacity of the operation. Macdonald �983!
estimated a deposit volume of 10 million m for a small-scale operation and at least 120 million m for a large
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Gold

Platinum

Monazite

Chro mite

Iimenite

Rutile

Cassiterite

Zircon

Diamond

Scheelite

Magnetite

Au

pt

9 Th O

46.2 Cr

31.6 Ti

60.0 Tt

78.8 Sn

67.2 ZrO

15.6 - 19.3

17.0

4.9 - 5.3

4.3 - 4.6

4.5 - 5,0

4.2

6.8 - 7.1

4.2 - 4.7

3,5

5.9 - 6,1

5.2 - 5.6

2.8

4.5

5.0 - 5.5

5.5

5.0- 6,0

6.0 - 6.5

6.0 - 7.0

7.5

10.0

4,5 - 5.0

5.5

NM

NM

M

WM

M

NM

NM

WM

NM

NM

M

C C C C C C C
NC

C

NC

C



operation based on the capital investment costs of the bucket ladder dredge in 1980. Koesmadi et al. �975!
suggested that prior to planning an offshore dredging operation at least 10 years' life of the reserve must be
proven.

Bucket ladder dredges and cutter suction dredges are the main dredge types used inmining placer deposits.
Of the other alternatives, clamshells, dragheads and jet lifts have a limited scope for mining deposits of loose,
uncohesive alluvium  Macdonald, 1983; Cross, 1979; Herbich, 1978; and others!.

The bucket ladder dredges are preferred when mining tight and hard formations having clay lenses and
bedrock outcrops, whereas the cutter suction dredge is used mostly for civil applications and overburden
removal  IHC Holland, 1983!, Some of the rationale for this preference is based on the following:

~ The bucket exerts mainly anupward shear force on the bank, while the blades of the cutter work against
a resistance in compression, thus increasing the power consumption.

~ The cutterhead digs efficiently only in its undercutting swing, whereas the bucket ladder dredge is
digging in both swing directions,

~ Power and maintenance costs incresases with hydraulic dredges when digging in compact, coarse,
more abrasive and high density mineral deposits, The hydraulic dredges tend to produce turbidity and
a hydraulic classification of the material around the suction inlet, e.g. heavy gold particles settle out faster
and fines may be floated away by the turbidity, while the sands and gravel are pulled into the suction.

~ It is more difficult to maintain a constant slurry density feed to the processing plant from cutter suction
dredges than frombucket ladder dredges, Hydraulic systems often produce quantities of water in excess
of that needed for the processing operations.

~ Plugging of the cutter or pump with buried fibrous roots and timber creates disruptions to the operation.

A bucket ladder dredge system presents some problems also, such as:
~ Losses of valuable minerals from the bucket during the discharge into the drop chute at the top tumbler.

Save-aH devices must be installed to catch the spilled material.

~ The initial capital costs and maintenance costs of a bucket ladder dredge are higher than a hydraulic
dredge.

~ The maximum dredging depth is limited, compared to hydraulic dredges,

~ A bucket ladder dredge usually requires more personnel than other types of dredges.

Mechanical components and electronic control equipment, i.e. dredge profile monitors, drive systems,
mooring techniques, processing plant systems and equipment, and tailings discharge systems have all been
developed or evolved towards higher dredge performance, deeper dredging and greater economic recover-
ies.

A new concept inbucket chain designincreased the bucket capacity to a maximum of 0.88m'of water depth
 Donkers, 1980!. For easy handling, transportation and lower maintenance costs, modular dredging units
have been recently marketed by IHC Holland as pump unit, cutter unit and main and side pontoon modules.

To combine advantages from the bucket ladder and hydraulic dredges, a new type of bucket was designed
{Figure 1! for the conventional bucket wheel dredge  IHC Holland, 1983!, The characteristics of four com-
mercial types of IHC bucket wheel dredge are presented in Table 4, and the schematic features in Figure 1.

Model number indicates totals machinery output in hp



Some of the main features of the IHC bucket wheel are:

~ The bottom and curved back of the conventional wheel bucket have been completely omitted to avoid
accumulation of the material and plugging of the suction passage,

~ The outer edge of the bucket is specially shaped to guide the material into the suction inlet.

~ The space between the buckets is smaller than the size of the material entering, therefore preventing
obstruction of the suction and discharge line or the pump.

The quest for the economic dredging of mineral deposits has led to the improvement of the existing dredges
for use in specific local conditions  Dieperink, 1978; Anon, 1981 and 1982; Lim Che Wan, 1983; Houston,
1983; Woodsend, 1984; Lewis, 1984!, New concepts have also been proposed for deeper dredging, such as
continuous-dragline dredge and a multi-grab dredge  Hewitt, 1978!.

Recovery Techniques ancf Developments
The processing of minerals evolved as a necessity to recover the valuable minerals from a mined deposit

and produce a required marketable concentrate. The recovery operation depends on the amenability of the
minerals to a treatment process and it is based on the differences in the physical properties of the minerals,
such as particle size, shape, specific gravity, magnetic and electric properties, surface wetability and other
properties,

Screening and gravity separation are the most common methods to recover placer gold and heavy minerals
from alluvial deposits, whereas the magnetic and electrostatic separations are used mainly in cleaning
processes and to separate specific heavy minerals from each other. The ditferences in surface wetability of
the minerals is applied in the flotation process to recover fine and ultra fine particles.

Early inland dredge mining operations used sluices and tables as gravity concentration devices to recover
gold from sand and gravel deposits. With declining grades, Humphreys spirals and various types of jigs of
higher treatment capacity were introduced,

Technological developments in the processing of low-grade minerals has led to more efficient systems and
equipment which could also be applicable to the recovery of marine piacerminerals. Major acheivernents were
made in primary gravity concentrators for mineral sands in Australia  White, 1984!. The Wright Impact Plate
Separators proved efficient for the recovery of beach minerals from several black sand deposits in Australia
and West Africa  Macdonald, 1983!. The Wright Impact Plate separators differ from other types of sluices by
the presence of animpact plate which divides the slurry flow into two streams. The angle of the impact relative
to the slurry flow determines the recovery rate.

Mineral Deposits Ltd., Australia, developed double cone concentrators to improve the efficiency of the early
Reichert cone systems. The cones have an average treating capacity of 80 t/h and can achieve separations
of particles as fine as 40 microns  Burt, 1984!. Sierra Rutile Ltd. has recently been using the cones separation
system on its dredging operations to recover rutile deposits from along the Sierra Leone coast, West Africa
 Anon, 1981!. Reichert cones have also been usedby dredging operations in New Zealand  Buist et al., 1978!
and at Richards Bay, South Africa  Anon, 1976!.

In an effort to improve the recovery of fine gold and other heavy minerals and to increase the treatment
capacity of the conventional jig cell units, IHC Holland developed the radial jig, originally patented in 1967 as
the circular jig by N. Cleveland  IHC Holland, 1983!. Unlike the conventional jigs, the IHC radial jig works
without backwater addition or with a limited amount. The IHC jig uses a specific drive system to induce a fast
upstroke and a slow downstroke wave pattern, "saw tooth" wave, rather than a harmonic wave as in a
conventional jig  Figure 2!, The short, sharp pulsation minimizes the fines loss and allows their recovery during
longer, gentle suction.

To overcome the difficulties in handling and transportation of the standard circular jigs  up to 7.5m in
diameter!, a module-jig concept was developed. The treatment capacity of a module ranges from approxi-
mately 40 to 83 m/h solids and can be assembled in any number, twelve modules being required for a
complete circle, The IHC radial jigs have been applied recently by some offshore dredging operations in South
East Asia for the recovery of cassiterite  Krarner, 1984!, in Alaska for the recovery of gold  Anon, 1985!, in
Brazil and other countries  IHC Holland, 1985!. Figure 3 presents a comparison between the IHC radial jig,
conventional jig, tables and riffled sluice for the recovery of fine gold particles.

The recovery efficiency of various types of hydrocyclones and centrifugal separators on dredge plants have
been investigated by the Soviets  Anon, 1981!. The wide angle concentrating hydrocyclone reported the
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highest recovery of fine gold, approximately 90 percent for gold particles in the range of 0.05rnm.
Several other gravity concentrating devices have been developed or evolved from existing ones to produce

higher recoveries of fines and enrichment ratios; however, their performance on offshore dredge plants has
been limited or not investigated  Rockwell, 1985!,

Figure 1, Schematic features of Conventional Bucket Wheel  lower! and IHC Oredging Wheel  upper!
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Recovery Practices at Sea
The processing of placer minerals at sea has the advantage of reducing the need for the transportation of

large quantities of waste minerals which can be rejected on site. Offshore dredging operations in the exposed
waters of South East Asia have the processing plant on board to add weight and to increase the stability of
the dredge at sea and also to reduce the operating cost by integrating the services  Koesrnadi et al,, 1975;
Donkers, 1980; Lim Che Wan, 1983!. In coastal and protected waters, the processing plant is on a floating
platform moored independently of the dredge and lying behind it, This arrangement is commonly used with
some of the hydraulic types of dredges to increase the mobility of the dredge. The dredged material is pumped
through a floating pipeline to the plant for processing  Anon, 1976; Buist et al., 1978; IHC, 1983; Kramer, 1984!.

Compared with land-based operations, processing at sea imposes restrictions due to the limited availability
of plant space, electric power and other facilities. On modern integrated dredging/processing operations, the
processing plant consists of two major sections: the feed preparation and a concentration section which has
a number of jigs or cones, The operation produces a bulk concentrate at a high recovery and a reject containing
sands, gravels and clay minerals. The bulk concentrate is shipped to shore for cleaning and upgrading. This
may take the form of further gravity concentration, magnetic and electrostatic separation, heavy media
techniques or flotation.

In the feed preparation section of the plant the dredged material is disintegrated, sized, deslirned and the
density of the slurry adjusted. One or two revolving screens perform the function of scrubbing and sizing, Spray
water jets, under pressure inside the revolving screen disintegrate the lumpy material and ciay. The oversize
material, usually coyrser than 16mm, is disposed of. The undersize is distributed to the first rougher concen-
trators. The rougher concentrate is passed through several cleaner and recleaner stages before a bulk
concentrate is obtained. The reject from the rougher concentrators is disposed as final tailings and the rejects
from the cleaner and recleaner concentrators are recirculated.

Any inefficiency in the recovery process could result in losses of valuable minerals, in the rejected tailings,
at sea. This may reflect on the returns of a dredging operation, Dankers �980! noted that most of the
inefficienciesof a processing system are due to anunderdesigned plant capacity to treat feed fluctuations from
the dredge and their recirculated products.

For particular cases when a placer deposit contains minerals in an oxidized state, partially liberated, or as
fine and ultra fine particles, processing at sea becomes more complex and implies extensive studies pnor to
defining a suitable processing system. In addition, the concentrators operating in the marine environment
should demonstrate the following:

~ tolerate fluctuations in feed rate, slurry density and particle size.

~ tolerate moderate sea motions and vibrations from the machinery on board.

~ operate with minimum supervision and maintenance.

~ produce high recovery and enrichment ratios with a minimum power consumption.

~ produce environmentally safe wastes.

~ to be accessible at relatively low cost.

Since each placer deposit has distinctive geological and mineralogical characteristics and each equipment
performs differently when the working conditions changes, preliminary studies and testwork are required
before the conception of the final design of a dredging/processing operation.

Nova Scotia Offshore Placer Gold Deposits
Gold has been mined from inland and beach deposits within the province of Nova Scotia since 1862. Early

recoveries of gold were reported from beach deposits at isaac's Harbor, Wine Harbor, Tangier Harbor, Gold
River and the Ovens. Placer mining, however, never assumed an important proportion after the turn of the
century  Malcolm, 1976!. There are approximately 190 gold occurrences in the province  Figure 4!
categorized as being either load, paleoplacer or placer  Ponsford and Lyttle, 1984; Fowler and Miller, 1985!.
Most of the gold occurrences are located in the southern mainland of the province and are mainly confined
to the metasedimentary rocks of the Megurna Group, comprised of quartzites, greywacks, slates and granitic
intrusions. The Group underlays 30 percent of the southeastern part of the province and extends for
approximately 40 km offshore, covering an offshore area of 26,550 km  King and MacLean, 1976!.

The riCh, gOld-bearing rOCkS Of the Meguma GrOup prOvide a Suitable SOurCe and the prOCeSSeS Ot glaCial
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erosion, fluvial transportation and subsequent transgresssions of the sea have been favorable for the
formationof marine placerdeposits. Sediments suppliedto the Shelf were estimatedby Hopkins�985! to con-
tainup to 0.06 oz/m'of gold and an unidentified quantity of cassiterite, scheelite, ilmenite, garnets and zircon.

During the retreat of the ice andisostatic rebound age, the major mainland rivers extended valleys over the
rocks of the Meguma Group to approximately 25 km off the coast  Samson, 1984!. The subsequent
transgressions of the sea reworked and redistributed the sediments. Some post-glacial concentrations of
heavy minerals have been preserved and covered by silts and clays. The possibility also exists that alluvium
from the pre-glacial channels and streams survived the glaciation, Such deposits would now be buried under
the post-glacial sediments and tills. Conceptual models of possible types and sub-types of offshore placer gold
deposits in the region have been published by Samson �984!, and Hopkins �985!, and continues to be a
subject of investigation  Hale, 1985; Fowler and Miller, 1985!.

The major commercial interest in Nova Scotia offshore placer gold commenced in 1968 with an extensive
exploration program by Matachewan Canadian Gold Ltd. The survey focused primarily on the areas of
submerged river valleys on the southeastern shore of the province. Promising potential areas of gold-bearing
sediments were identified at Country Harbor and around the Ovens Peninsula within approximately 8 km from
shore.

A suction dredge was constructed by Matachewan in 1969 and some gold was recovered from the Ovens
area. The volume of an outlined area in water depth of less than 15m at the Ovens was estimated at 4.6 x 10'
m with values up to 0.15 oz/m gold  Libby, 1969!. However, due to the low price of gold at that time  $39.50
US/oz! and other technical difficulties, the dredging operation was discontinued and the claims were lapsed
in 1970, Seabright Resources Ltd. in 1980 reinstituted the claims and are still investigating their potential.

The Country Harbor area has attracted the most interest because of its surrounding districts of gold mining
history and future potential. From 1862 to 1974 the gold districts in the are contributed approximately 50
percent to the total gold production of the province  Hopkins, 1985!.

Figure 4. Nova Scotia Gold Occurrence
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Matachewan Canadian Gold Ltd. outlined in 1968 approximately 28 x 10~ m' of gold-bearing sediments
offshore Country Harbor in water depths of less than 30m. Seabright Resources Ltd. reinvestigated the target
sites in 1980 and located additional auriferous sediments. The gold concentration in the sampled sediments
were reported to occur mostly in the -63 microns fraction  Figure 5!. The highest content attained was 4250
ppb. �.981 oz/m'! and the lowest less than 30 ppb, �,014 oz/m! gold  Hopkins, 1985; Coughlan, 1985!.

Exploration of a smaller scale was conducted in the same area by Cities Services Minerals Corp. in 1968
at Wine Harbor and by Barrett �981! at Isaac's Harbor. Cities Services Minerals Corp. estimated a volume
of approxlinately 8 x 106 m of auriferous sediments in the wine Harter Basin averaging 0.079 oz/m gold
 Samson, 1984!.

The limited commercial offshore exploration suggests that individual deposits offshore Country Harbor
could contain as much as 30 x 106 m'of gold-bearing sediments. Many of the outlined deposits are in relatively
shallow water and would permit recovery by present dredging technology. Assuming a minimum average
grade of 0.015 oz/m gold, a deposit of 30 x10 m would yield 450,000 ozof gold. At a price of $400 US/oz,
the expected gross revenue would be $180 million. A dredge operation of 13,000 m'/day could recover the
deposit in 10 years, assuming an approximate 6.5 months/year working time, owing to the East coast's
unfavorable sea and weather conditions from late fall to late spring.

' ~

Fyure 5. Gold concentrationin the -63 micron sediment trac5on  Hopkins, 1985!
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